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ABSTRACT 
 
Background: There has been a recent increase in the number of reported cases of acute 
renal failure (ARF) in cystic fibrosis (CF). We conducted a case control study to determine 
the factors which are associated with an increased risk of ARF. 
 
Methods: Our initial survey confirmed 24 cases of ARF, in CF patients from 20 UK CF 
Centres, presenting between 1997 & 2004. Using the UK CF database, we identified sex and 
age matched controls. Informed consent was sought from the control patients / parents for 
access to the case notes. Analysis of risk factors was by conditional logistic regression and 
Mantel Haenzsel analysis, using Stata (version 9). 
 
Results: In the group of patients with ARF, 21/24 had received an aminoglycoside at the 
time of their episode of ARF or in the preceding week, compared with only 3/42 controls for 
the same time period (OR 81.8, 95% CI 4.7 to 1427, p<0.001). In the year prior to the 
episode of ARF, significantly more cases than controls received gentamicin (19/24 cases vs. 
1/42 controls, p<0.001). The numbers receiving tobramycin were similar (9/24 cases vs. 
15/42 controls, p=0.9). A known risk factor for renal impairment (prior renal disease, acute 
dehydration or long term nephrotoxic drug treatment) was present in 18/24 cases & 7/42 
controls (OR 24.0, 95% CI 3.1 to 186.6, p = 0.002).  
 
Conclusions: In CF patients, the use of an intravenous aminoglycoside is a risk factor for 
ARF and gentamicin is more nephrotoxic than tobramycin. The majority of patients who 
develop ARF have a risk factor which necessitates withholding aminoglycosides or more 
closely monitoring their use. 
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BACKGROUND 
 

Cystic fibrosis (CF) is the commonest, life-limiting, autosomal recessive disorder of 
Caucasians. There are currently just over 7000 patients with CF, living in the United 
Kingdom1 and around 30,000 in the United States.2 The condition is caused by a mutation in 
a gene on chromosome 7, coding for the cystic fibrosis transmembrane conductance 
regulator (CFTR). In the lung, this mutation causes depletion of airway surface liquid, failure 
of the mucociliary escalator, with secondary bacterial infection, and ultimately bronchiectasis. 
Over half of patients with CF have chronic pulmonary infection with Pseudomonas 
aeruginosa by the late teens1 and many receive regular courses of intravenous antibiotics in 
an effort to control this infection. These antibiotics include nephrotoxic drugs such as 
aminoglycosides and colistin. CFTR is also expressed in the kidney, but its function is 
unknown and CF mutations are not associated with renal dysfunction.3 As CFTR mutations 
do not cause renal dysfunction it seems likely that ARF arises as a complication of treatment, 
or due to pre-existing renal impairment or acute dehydration. In a previous study we have 
estimated the incidence risk of acute renal failure in patients with CF as between 4.6 and 
10.5 cases / 10,000 CF patients / year.4 We conducted a case control study to determine 
which factors were associated with an increased risk of ARF. 

 
 

METHODS  
 

Identification of cases and controls: In a national survey of acute renal failure in CF 
patients in the United Kingdom, we identified 24 confirmed cases of ARF (defined as raised 
plasma creatinine for age with or without oliguria), occurring between 1997 and 2004.4 Over 
a one year period (November 2004 to October 2005), one investigator (CB) first obtained 
written informed consent and then extracted data from the patient’s case notes, as previously 
described.4  Through the United Kingdom CF Database, 4 controls were assigned per case 
of ARF. Controls were matched for sex and age (within 6 months of the index case).  The 
doctor responsible for the clinical care of these patients in each CF centre was then asked to 
seek consent from the parent or patient, to allow a researcher to extract data from the control 
patient’s case notes. The identity of the patient was known to our team only by a code 
number, until they gave their consent. When consent was given, one of two researchers 
(JMcG or AS) visited the patient’s CF centre and extracted data from the notes using a 
standard proforma. The same dataset was extracted from the notes of  a control patient as 
from a case. The time period for which data was extracted from the notes of both the cases 
and controls was the date the index case developed acute renal failure and the year prior to 
this. We visited centres with control patients between November 2005 and July 2007. The 
study was approved by the North West Multi-centre Research Ethics Committee. 
 
Study hypotheses: Our primary hypothesis was that ARF in CF occurs significantly more 
frequently in patients receiving intravenous aminoglycosides or who have received them 
within 1 week. We planned to investigate whether ARF occurs significantly more often with 
gentamicin than with other aminoglycosides. We wished to examine whether risk factors for 
renal impairment occurred more frequently in cases than controls. These risk factors 
included: CF related diabetes; previous hyponatraemia with metabolic alkalosis; other 
congenital or acquired renal impairment; acute dehydration (such as severe vomiting); other 
nephrotoxic drugs such as non-steroidal anti inflammatory drugs or ciclosporin. 
 
Secondary aims were to investigate the effects of: aminoglycoside dose, frequency of dosing; 
and cumulative exposure. We also wished to investigate whether the risk of ARF is 
significantly increased with the use of an intravenous cephalosporin or a nebulised antibiotic.  
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Statistical analysis: Our sample size calculation used data from the 24 confirmed cases of 
acute renal failure.4 We assumed that 20% of control patients would have recent 
aminoglycoside exposure. With 4 controls per case, this would allow our study to detect a 3.9 
fold increased risk of acute renal failure with aminoglycoside use (80% power, 5% 
significance). The effect of each exposure was analysed allowing for the matching by 
conditional logistic regression using Stata (version 9). Where the data were too sparse to 
compute an odds ratio for the individually matched data (for the effect of aminoglycoside use 
in the last week only), we used broader age group and sex strata in Mantel Haenszel 
analysis to provide estimates of effect sizes. For continuous exposure variables, such as 
days of aminoglycosides in the previous year, we looked for evidence of a linear trend 
through increasing categories prior to fitting the dose-response effect of the continuous 
variable.  
 
 

RESULTS 
 
We extracted data from the case notes of 24 CF patients with ARF and 42 controls. Data was 
extracted on at least one control per patient (mean 1.8 controls per case). We had planned to 
collect data from the case notes of 96 controls, but we were unable to collect data from 54 
controls for the following reasons: 

1. No response from the CF centre to the initial or follow up letter (25 controls)  
2. Hospital Trust Research and Development Department did not approve the study 

within the data collection period (13 controls).  
3. Notes unavailable for review (4 controls) 
4. Patient or parent refused consent (4 controls) 
5. Thought to be unsuitable by local team (2 controls) 
6. History of acute renal failure (2 controls) 
7. Patient died before consent could be requested (1 control) 
8. Patients, allocated as controls were index cases (2 controls) 

(The UK CF Trust database manager could identify patients only by code numbers 
and index cases could not be excluded from the initial allocation). 

9. Lung transplant. This was an exclusion criterion for cases.4 (1 control) 
 

The characteristics of cases and controls are shown in table 1.  
 
 

 Case 
n=24 

Control 
n=42 

Male (%) 12 (50) 22 (51) 
Median age (range) 9.7  

(4 months – 32 years) 
9.3  
(10 months – 32 years) 

Homozygous for delta 
F508 (%) 

13 (54%) 25 (58%) 

Median body mass index 
(range) 

16.2 (13.0 - 24.6) 16.6 (14.0 - 33.5) 

Number of CF centres 20 16 
 
Table 1. The characteristics of cases and controls 
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The risks associated with exposure to specific nephrotoxic antibiotics are shown in table 2. 
Significantly more cases than controls were exposed to an aminoglycoside at the time the 
index case developed ARF or in the week prior to this. In those patients who received an 
aminoglycoside, the median total daily dose (per kg) was slightly higher in the cases (10.6 
mg/kg, range 2.6 to 15.5) than amongst the controls (9.9 mg/kg, range 7.2 to 13.7). In the 
control group 2/21 who received an aminoglycoside had a once daily dose vs.  1/3 controls. 
For both the total daily dose and the dose frequency, there were too few controls, who were 
exposed, to make a statistical comparison between groups. All patients who received an 
intravenous cephalosporin at this time also received an intravenous aminoglycoside. Any 
excess risk due to cephalosporin administration could not be calculated. There was no 
increased risk conferred by concurrent administration of nebulised colistin or an 
aminoglycoside. In the year prior to the episode of ARF, significantly more cases than 
controls received intravenous gentamicin. In contrast, the numbers receiving intravenous 
tobramycin were similar. Four cases received both gentamicin and tobramycin intravenously 
in this 1 year period. 
 
 
 Case 

 
Control 
 

Odds ratio (95% 
confidence interval) 

P value 

Exposure at the time of ARF in index case (or preceding week) 
Intravenous aminoglycoside  21 3 81.8 (4.7 to 1427)a p<0.001 
Intravenous cephalosporinb 14 3 11.6 (2.5, 52.9)  p=0.002 
Nebulised colistin  11 21 1.1 (0.3 to 3.8)  p=0.8 
Nebulised aminoglycosides  3 

2 tobramycin  
1 gentamicin 

6 
2 tobramycin 
4 gentamicin 

1.0 (0.2 to 4.8)   p=1.0 

Exposure at the time of ARF in index case (or preceding year) 
Intravenous gentamicin  19 1  p<0.001c 
Intravenous tobramycind  9 15 1.1 (0.4 to 3.1)  p=0.9 
 

a. Odds ratio calculated from age and sex stratified Mantel Haenszel analysis 
b. All patients who prescribed an intravenous cephalosporin also received an intravenous 

aminoglycoside. 
c. The odds ratio and 95% confidence interval could not be calculated because of small 

numbers. 
d. Four cases received both intravenous gentamicin and tobramycin 

 
Table 2. Nephrotoxic antibiotic exposure in cases and controls 
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Risk factors for renal impairment are shown in table 3, with the numbers of cases and 
controls having each factor. A known risk factor for renal impairment was present in 18/24 
cases (one case had 2 risk factors) and  7/42 controls (OR 24.0, 95% CI 3.1 to 186.6, 
p=0.002).  
 
Risk Factor Number  

of cases 
Number  
of controls 

CF related diabetesa 5 2 
History of hyponatraemia with metabolic alkalosis 1 1 
Congenital or acquired renal impairment 1 0 
Gastro-oesophageal reflux disease with vomiting 1 2 
Severe sepsisa 1 0 
Other cause of acute dehydrationb 3 0 
Concurrent non-steroidal anti-inflammatory drugs 5 2 
Ciclosporinc  2 0 
Total 19 7 
 

a. One case, with CF related diabetes, also had severe sepsis with methicillin resistant 
Staphylococcus aureus, requiring mechanical ventilation, at the time of acute renal 
failure. 

b. Other causes of acute dehydration were diarrhoea and vomiting (2) and a febrile 
illness (1). 

c. Ciclosporin was prescribed to two of the index cases, one for severe allergic 
bronchopulmonary aspergillosis (concurrent) and one for co-morbid asthma 
(discontinued 2 years prior to acute renal failure). 

 
Table 3. Risk factors for renal impairment 
 
 
In our data there was little evidence of a dose response effect of the number of days of 
aminoglycoside in the year prior to the episode in the index case. Of the cases who had 
received an aminoglycoside in the last year, 16/24 had 15 days or more, compared to 9/16 
controls (p = 0.6). As a post hoc analysis, we looked at the effect of the patient being 
homozygous for the common CF mutation delta F508 on the risk of ARF. Patients who were 
homozygous for delta F508 did not have an increased risk of ARF (OR 0.9, 95% CI 0.3 to 
2.8, p=0.9). Other mutations in the CF gene occurred too infrequently for statistical analysis. 
 
 

DISCUSSION 
 
There is an increased risk of ARF in CF patients with the use of an intravenous 
aminoglycoside and patients who develop ARF are more likely than controls to have had  
gentamicin, but not tobramycin, in the previous year. We could not determine whether there 
was an independent effect of cephalosporin administration because cephalosporins and 
aminoglycosides are so frequently used together, for pulmonary exacerbations of CF. Neither 
nebulised aminoglycosides nor nebulised colistin conferred an increased risk of ARF.  The 
majority of patients who developed ARF had a known  risk factor. This includes 15/21 
patients who were prescribed an aminoglycoside and where an alternative antibiotic or close 
monitoring of renal function would have been appropriate. The presence of a known risk 
factor increased chances of ARF twenty four fold. We did not show a cumulative effect of 
increasing exposure to aminoglycosides in the preceding year and the development of ARF.  
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Prior to this case control study, the only evidence linking intravenous aminoglycosides with 
ARF, in CF patients, was from case reports and small case series.5-10 In a previous study4 we 
found that the incidence of ARF in CF was 4.6-10.5 / 10,000 CF patients / year. This 
represents between 3 and 7 cases per year in the UK. The risk of ARF is considerably 
greater in individuals with CF than in the general population (100 times greater in the case of 
children). In other patient groups the risk of nephrotoxicty with intravenous aminoglycoside 
use has been estimated as between 10-20% per course.11 Other factors have also been 
implicated in ARF in CF, including concurrent use of an aminoglycoside and non-steroidal 
anti-inflammatory drugs12;13, inhaled tobramycin14 and acute dehydration.15  Data from animal 
work, and from other patient groups, suggests that gentamicin may be more nephrotoxic than 
tobramycin16. However, our study provides the first robust evidence, implicating current 
intravenous aminoglycoside use, and specifically gentamicin, with increased risk of ARF in 
CF. ARF represents the most severe form of renal damage and CF patients may also have 
subclinical renal impairment. Al-Aloul and colleagues have estimated that between 31 and 
42% of adult CF patients have renal impairment, as defined by a creatinine clearance below 
the normal range.17 They have demonstrated a relationship between lifetime intravenous 
aminoglycoside use and decline in creatinine clearance. This relationship was potentiated by 
the intravenous use of another nephrotoxic drug, colistin, but there was no relationship with 
the use of colistin alone. In our study, only 2 cases and 4 controls had received intravenous 
colistin in the year prior to ARF in the index case.  
 
We were able to extract data from the case notes of only 42 of 96 matched controls. In our 
sample size calculation, we estimated that, with 4 controls per case, we could detect a 3.9 
fold increased risk of ARF with aminoglycoside use. This calculation assumed that 
aminoglycoside use would be around 20% in controls at the time the index case developed 
ARF. In fact only 3/42 (7%) controls had exposure to an aminoglycoside at this time. 
However, the effect size was much greater than expected (an eighty fold increase in risk) and 
we were able to confirm our primary hypothesis with a smaller number of controls. This, as 
with the other effect estimates in our study, was necessarily based on sparse data, and may 
therefore be an overestimate of the true odds ratio.18 We have listed the reasons why data 
was not collected from 54 control patients. The most common reason was that we received 
no response when we contacted the centre. This probably reflects the time constraints 
affecting most hospital consultants, working in the UK National Health Service. However, for 
13 controls, we were unable to obtain approval from the hospital trust research and 
development department, within the time available for data collection. As our study had no 
cost implication for trusts we would suggest expedited research and development approval 
for an epidemiological safety study such as this.  
 
Cases were enrolled from 20 different centres and controls from 16 centres. We feel that this 
is a sufficiently large sample to make our findings representative of prescribing practices in 
the UK as a whole. We did not match for the patient’s CF centre to avoid overmatching for 
the prescribing practices of the centre and therefore missing an effect of treatment. It is 
possible our findings were affected by residual confounding, such as the apparent effect of 
gentamicin, being due to other factors in the CF centre apart from their policy of prescribing 
gentamicin. Disease severity (as measured by body mass index) was similar in cases and 
controls. Data on cases were collected by one research worker (CB), with data on controls by 
two different researchers (JMcG and AS) and the study was not blinded. There may therefore 
have been inter-observer variation and bias in data collection. We attempted to minimise this 
by using a standard proforma data collection sheet. 
 
Clinicians who prescribe intravenous antibiotics for patients with CF are guided by in vitro 
sensitivities of the organism (usually P. aeruginosa), knowledge of which antibiotics have 
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previously given a good clinical response, and any drug allergies. Hence, it is unrealistic to 
suggest that aminoglycosides should not be used, as there may be few other options. 
However, we believe this study allows us to provide guidance for safer aminoglycoside 
prescribing. Gentamicin use, over a one year period, is associated with an increased risk of 
renal failure whereas tobramycin use is not. Furthermore, 50% of isolates of P. aeruginosa 
from UK CF patients are resistant to gentamcin.19 Therefore the use of intravenous 
gentamicin  to treat pulmonary infection in CF patients cannot be recommended.  
 
The TOPIC study, a large randomised controlled trial of once vs.  three times daily 
tobramycin in CF showed less nephrotoxicity with once daily tobramycin than with 
conventional three times daily dosing.20 Current UK antibiotic guidelines21 also recommend 
once daily aminoglycoside dosing and encourage the use of tobramycin. In addition, they 
advise that renal function tests be performed before the 1st dose of tobramycin and again 
before the 8th dose. Trough tobramycin levels are measured before the 2nd and 8th doses of 
tobramycin (with a once daily regimen). There may be a known risk factor for renal 
impairment such as: CF related diabetes; previous hyponatraemia with metabolic alkalosis; 
other congenital or acquired renal impairment; acute dehydration; or other nephrotoxic drug 
such as non-steroidal anti inflammatory drugs or ciclosporin. If so, we recommend more 
frequent monitoring of renal function if aminoglycosides are used. Consideration should also 
be given to a formal measure of glomerular filtration rate (such as Chromium 51 ethylene 
diamine tetra acetate) as part of the patient’s annual assessment. 
 
The vigorous and frequent use of intravenous antibiotics, including aminoglycosides, has 
been credited with contributing to increased survival in CF patients.22  This study adds to the 
accumulating body of evidence of the toxicity of aminoglycosides in CF patients. We have 
made recommendations for reducing aminoglycoside toxicity. Data on the  occurrence of 
acute renal failure are now routinely collected on the new UK CF Registry. This should allow 
ongoing monitoring of the incidence of ARF in CF patients, as prescribing patterns change, in 
an effort to reduce toxicity. 
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